colony morphology were recorded after growth for 48 h at 28 u C on this agar. Cellular morphological properties and Gram-staining were observed with a phase-contrast microscope as described by Gerhardt et al. (1994) . Temperaturedependent growth was tested on NA incubated at 5, 15, 25, 28, 32, 37, 42, 50, 55 , and 60 u C. pH-dependent growth was tested at 30 u C in Tryptone Soya Broth (TSB, Oxoid) adjusted to pH 4.5-12 (in 0.5 pH unit steps) using HCl and NaOH. Oxidase activity was tested using a Bactident Oxidase test (Merck).
For genotypic analysis DNA was extracted using the method of Pitcher et al. (1989) . The 16S rRNA gene sequence of strain Ca11
T was PCR-amplified and sequenced by the Sanger dideoxy method with the primer pair 27F (59-GAGTTTGATCMTGGCTCAG-39) and 1492R (59-ACGGYTACCTTGTTACGACTT-39) (Lane, 1991) . Phylogenetic analyses were performed with the ARB software package release 5.2 (Ludwig et al., 2004) and the 'All-Species Living Tree' Project (LTP; Yarza et al., 2008) database release LTPs106 (August 2011). The 16S rRNA gene sequences of strain Ca11
T and additional reference sequences were aligned with SINA v1.2.9 according to the SILVA seed alignment (http:// www.arb-silva.de; Pruesse et al., 2007) and implemented into the LTP database. Before phylogenetic analysis the alignment was checked manually. Pairwise sequence similarities were calculated with the ARB neighbour-joining tool without the application of an evolutionary model. Different treeing methods were used to investigate the phylogenetic position of strain Ca11 T . A neighbour-joining tree was calculated with ARB neighbour-joining using the JukesCantor correction (Jukes & Cantor, 1969) , a maximumlikelihood tree with PhyML (Guindon & Gascuel, 2003) and a maximum-parsimony tree with DNAPARS v1.8 (Felsenstein, 2005) . Bootstrap analyses were performed with 100 resamplings. Phylogenetic calculations were based on sequence positions 119 to 1361 (according to Escherichia coli numbering; Brosius et al., 1978) .
The sequenced 16S rRNA gene of strain Ca11
T was a continuous stretch of 1371 nt spanning E. coli positions 54 to 1451 (according to Brosius et al., 1978) . Pairwise sequence similarity analysis showed that strain Ca11 T shared 95-98.9 % 16S rRNA gene sequence similarities with the type strains of species of the genus Rhodococcus with highest sequence similarities to Rhodococcus equi DSM 20307 T (98.9 %), R. koreensis DNP505 T and R. wratislaviensis NCIMB 13082 T (both 98.4 %), R. opacus DSM 43205 T and R. canchipurensis MBRL 353 T (both 98.0 %) followed by R. kunmingensis YIM 45607 T and R. imtechensis RKJ300 T (both 97.7 %). The pairwise sequence similarities to all other type strains of species of the genus Rhodococcus were below 97.5 %. Sequence similarities to type strains of species of the next closest related genus, Nocardia, were between 94 and 97.7 % with highest sequence similarity to the type strain of Nocardia farcinica. Sequence similarities to other genera of the family Norcardiaceae were 96.4 % for the genus Smaragdicoccus, 94.9-95.9 % for the genus Williamsia, and 92.6-95.2 % for the genus Gordonia. Phylogenetic trees clearly showed, independent of the treeing method, that strain Ca11 T clustered together with R. equi and, dependent on the treeing method, also with R. kunmingensis separated from all other species of the genus Rhodococcus, but not supported by a high bootstrap value (Fig. 1) . Depending on the treeing method used, this subcluster of the genus Rhodococcus clustered closer to the genus Rhodococcus or Nocardia (Fig.  1) . This unstable phylogenetic assignment of the cluster containing R. equi and R. kunmingensis (assigned as the R. equi 16S rRNA gene clade) has been reported previously (Jones & Goodfellow, 2012) . But as previously shown, 16S rRNA gene sequence similarities were in general closer to other species of the genus Rhodococcus (.98 %) than to species of other genera.
[Corynebacterium hoagii] DSM 20295 T was included in the analysis because it showed 100 % 16S rRNA gene sequence similarity to R. equi DSM 20307 T , as indicated previously (Goodfellow & Alderson, 1977; Collins & Cummins, 1986) . Resequencing of the 16S rRNA gene from R. equi DSM 20669 T gave the same result. Furthermore, sequences of two type strains of species of the genus Nocardia, N. coeliaca and N. globerula, were included in the phylogenetic trees because after resequencing of the 16S rRNA gene (Yarza et al., 2013) it was shown that these species clustered into the genus Rhodococcus. These results indicate the necessity to reclassify the three species T according to the method described by Ziemke et al. (1998) . DNA-DNA relatedness values were 51.3 % (reciprocal 38.1 %), 34.4 % (reciprocal 39.6 %), and 24.1 % (reciprocal 27.6 %), respectively, showing clearly that strain Ca11 T represents a novel species. In addition DNA-DNA hybridization was performed with R. equi DSM 20307
T and [C. hoagii] DSM 20295 T , revealing a DNA-DNA relatedness value of 66.6±10 % (reciprocal 100 %). This clearly showed the high genotypic relatedness of these two type strains and indicated that the two strains represent the same species.
Bacterial biomass for chemotaxonomic investigations of strain Ca11 T was prepared as described previously (Martin et al., 2010) . Menaquinones were extracted as described by Collins et al. (1977) and analysed by HPLC (Groth et al., 1996) . The isolate contained dihydrogenated menaquinones with eight isoprene units [MK-8(H 2 )] as the major isoprenologue and minor amounts of MK-6(H 2 ) and MK-7(H 2 ). Polar lipids were extracted by the method of Minnikin et al. (1979) and identified according to Collins & Jones (1980) . Strain Ca11
T exhibited a lipid pattern consisting of diphosphatidylglycerol (DPG), phosphatidylethanolamine (PE), phosphatidylinositol (PI), one unknown phospholipid (PL) and an unknown glycolipid (GL) and traces of phosphatidylinositol mannosides (PIM) (Fig. 2) . Determination of the isomers of diaminopimelic acid and sugars in whole-organism hydrolysates were performed as described by Groth et al. (1996) . Detection of mycolic acids was performed according to the method of Minnikin et al. (1975) with some modifications by thin layer chromatography of their methanolic esters. For this, 5 ml toluene, 5 ml methanol and 0.2 ml concentrated sulphuric acid were added to 100 mg dried biomass. The mixture was shaken for T within the family Nocardiaceae The tree was generated in ARB using PHYLIP DNAPARS (100 bootstraps) and based on 16S rRNA gene sequences between positions 119 to 1361 (E. coli numbering; Brosius et al., 1978) . GenBank accession numbers are given in parentheses. Numbers at branch nodes refer to bootstrap values .70 % (100 replicates). Asterisks at branch nodes mark nodes that also occur by the application of neighbour-joining and maximum-likelihood-treeing methods. Numbers in sequence clusters of the genera Nocardia, Gordonia and Williamsia represent the number of type strains which were included in the clusters. Type strains of species of the genus Micromonospora were used as an outgroup. Bar, 0.10 substitutions per site.
16 h at 50 u C for methanolysis of the mycolic acids. After cooling to room temperature, 2 ml hexane was added, the mixture was thoroughly mixed, the upper hexane-phase was dried and resuspended in 30 ml chloroform/methanol (3 : 1, v/v) and spotted on a silica-gel thin layer plate (Merck). The chromatogram was first developed in a solvent system of hexane/diethyl ether/toluene/acetic acid (70 : 15 : 15 : 1; by vol.), and then in methanol/water (5 : 2; v/v) to remove mobile ethers of fatty acid methanolates. Spots were developed in the vapour phase of iodine. Strain Ca11 T contained meso-diaminopimelic acid, arabinose and galactose as the diagnostic diamino acid and sugars (wall chemotype IV sensu Lechevalier & Lechevalier, 1970) . Mycolic acids were also detected (Fig. S1 , available in IJSEM Online).
Fatty acid analysis was performed according to the method of Kämpfer & Kroppenstedt (1996) . The fatty acid profile of strain Ca11 T was very similar to that of the other closely related species of the genus Rhodococcus (Table 1) . A typical fatty acid profile consisting of mainly C 16 : 0 , C 18 : 1 v9c and 10-methyl C 18 : 0 was found.
Comparative physiological characterization of strain Ca11
T and type strains of the most closely related species of the genus Rhodococcus was performed using the physiological test panel as described by Kämpfer et al. (1991) . Results are shown in Table 2 .
Quinone systems, fatty acid and polar lipid profiles as well as 16S rRNA gene sequence analyses showed unambiguously that strain Ca11
T is affiliated to species of the genus Rhodococcus. On the basis of the phenotypic differences observed and the results of the DNA-DNA hybridization studies, strain Ca11
T can be clearly distinguished from the most closely related species of the genus Rhodococcus, therefore we propose a novel species of the genus Rhodococcus, with the name Rhodococcus defluvii sp. nov. with strain Ca11 T as a representative type strain. The phylogenetic analysis based on nearly full-length 16S rRNA gene sequence analysis indicated that the R. equi 16S rRNA gene clade, including R. equi, R. kunmingensis, and strain Ca11
T represents a separate phylogenetic lineage, but assignment to the genus Rhodococcus remained, because no distinct chemotaxonomic differences were found to justify a reclassification and the proposal of a DPG, diphosphatidylglycerol; PE, phosphatidylethanolamine; PI, phosphatidylinositol; PIM, phosphatidylinositol mannoside; PL, unknown phospholipid (not stainable with differentiating spray reagents); GL, unknown glycolipid. ; 16, Rhodococcus percolatus HAMBI 1752 T Data for strains 1-6 are from this study; data for strains 7-16 are from previous studies (Helmke & Weyland, 1984; Zhang et al., 2002 Zhang et al., , 2005 Klatte et al., 1994; Briglia et al., 1996; Yoon et al., 2000; Goodfellow et al., 2002; Takeuchi et al., 2002; Matsuyama et al., 2003; Li et al., 2004) . +, Positive; W, weakly positive; 2, negative. Suzuki et al. (1981) , Collins (1982) , Collins et al. (1982) , Goodfellow et al. (1982) , and Collins & Cummins (1986) but no formal proposal was published. [C. hoagii] was proposed earlier (Morse, 1912) , 1923) . As a consequence, the specific epithet hoagii has priority; hence we propose to reclassify [Corynebacterium hoagii] and Rhodococcus equi as Rhodococcus hoagii comb. nov.
Characteristic
1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6
Morphogenetic sequence* R-C EB-R-C H-R-C EB-R-C EB-R-C EB-R-C EB-R-C H-RC H-R-C R-C EB-R-C EB-R-C EB-R-C H-R-C H-R-C H-R-C Hydrolysis of:
Description of Rhodococcus defluvii sp. nov.
Rhodococcus defluvii (de.flu9vi.i. L. gen. n. defluvii of sewage).
Cells are Gram-stain-positive, strictly aerobic, non-motile rods (0.8-1.0 mm62.0-3.0 mm). Colonies grown on TS agar are circular, convex and yellowish. The optimal temperature for growth is 30 uC; growth occurs at 15-50 uC but not at 5 u C or 55 u C. The optimal pH for growth is 7-8; growth occurs at pH 6.5-10. Alderson 1977 (Approved Lists, 1980; Skerman et al., 1980) clearly belong to the genus Rhodococcus and represent the same species (DNA-DNA hybridization value .70 %). Because the oldest epithet, hoagii (Morse, 1912) , has priority, it is proposed to officially reclassify this species as Rhodococcus hoagii. The description is that of Goodfellow & Alderson (1977) with amendments of Jones et al. (2013a) and this study. 
